EP 2 965 940 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 2 965 940 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
13.01.2016 Bulletin 2016/02

(21) Application number: 13877396.5

(22) Date of filing: 06.03.2013

(51) IntClL:

B60L 9/24 (2006.01) B60L 1/00 (2006.07)

B60L 7/14(2006.07)

(86) International application number:

PCT/JP2013/056139

(87) International publication number:

WO 2014/136220 (12.09.2014 Gazette 2014/37)

(84) Designated Contracting States:

AL ATBEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MK MT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventor: MATSUDA Kotaro

Tokyo 100-8310 (JP)

(74) Representative: Witte, Weller & Partner

Patentanwalte mbB
Postfach 10 54 62
70047 Stuttgart (DE)

(54)

(57) A main conversion device 100 includes a first
power converter 111, a second power converter 112, an
auxiliary power-supply device 113, and an operation con-
troller 120. The first power converter 111 is connected
with a circuit electrically connected with an overhead line
105, and an intermediate link 121, and mutually converts
power. The second power converter 112 is connected
with the intermediate link 121, and a circuit electrically
connected with an induction motor 103, and mutually
converts power. The auxiliary power-supply device 113
receives power from the intermediate link 121, and sup-

106

100

FIG. 1

MAIN CONVERSION DEVICE FOR ELECTRIC VEHICLE

plies power to a load 104. The operation controller 120
controls the operation/deactivation of the first power con-
verter 111 based on a value indicating an acceleration
condition of a vehicle, a value in accordance with a ve-
hicle speed, auxiliary source power, and a restriction val-
ue for regenerative power to the overhead line in such a
way that the power to be supplied to the auxiliary power-
supply device 113 becomes equal to or larger than the
auxiliary source power, and the regenerative power flow-
ing to the overhead line 105 becomes equal to or smaller
than the restriction value.

MAIN CONVERSION DEVICE

102

MAIN m |

N

TRANSFORMER / /

1

113

AUXILIARY
POWER-SUPPLY
DEVICE

112
103

1
FIRST POWER
CONVERTER

4

1»5?[

SECOND

]
GC 120

OPERATION
CONTROLLER PB

EFC

= POWER | M
T CONVERTER
1A
17
APS POWER v SPEED FM
CALCULATOR DETECTOR
119 118
REGENERATIVE TORQUE L]

POWER < Tm
CALCULATOR

PATTERN [%
CALCULATOR

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 965 940 A1
Description
Technical Field
[0001] The present disclosure relates to a main conversion device loaded on an electric motor car.
Background Art

[0002] Electric circuits for an electric motor car include a main circuit that supplies power to an electric motor, and an
auxiliary circuit that supplies power to auxiliary devices, such as an air conditioner for the interior of the vehicle, and
lighting devices.

[0003] In the case of AC electric motor cars that run upon reception of AC power supply from an overhead line, at the
time of power running, the AC power supplied from the overhead line is sequentially converted by a main transformer
and a main conversion device both constructing the main circuit, and is output to the electric motor. Hence, the power
is converted to motion energy, and thus electric motor cars can run.

[0004] Typically, this main conversion device includes first and second power converters, and an intermediate link
that electrically connects those converters. At the time of power running, the first power converter converts AC power
output by the main transformer to DC power, and outputs this DC power to the intermediate link. The second power
converter converts, at the time of power running, the DC power supplied from the intermediate link to AC power, and
outputs this AC power to the electric motor.

[0005] An auxiliary power-supply device (APS) that is the power source for the auxiliary circuit is connected with the
main circuit to receive power.

[0006] Typically, the auxiliary power-supply device provided separately from the main conversion device is directly
connected with the main transformer. In this case, the power supplied from the overhead line is supplied to both main
conversion device and auxiliary power-supply device through the main transformer.

[0007] Conversely, an auxiliary power-supply device integrally provided with the main conversion device is typically
connected with the intermediate link in the main conversion device (see, for example, Patent Literature 1). In this case,
the power supplied from the overhead line is supplied to both second power converter and auxiliary power-supply device
through the main transformer and the first power converter.

[0008] Meanwhile, in recent years, there are electric motor cars which utilize, at the time of braking, the electric motor
as a power generator to convert the motion energy of the vehicle to power through the main circuit thereby causing
regenerative power to flow to the overhead line. The regenerative power to the overhead line results in the reduction of
power consumption, but the regenerative power generated by the electric motor often contains harmonic components.
Because of the reasons such that the transformer of a transforming station is not compatible with such harmonic com-
ponents, regenerative power to the overhead line is sometimes restricted to be equal to or smaller than a predetermined
value (including zero).

[0009] In the case of the auxiliary power-supply device that is separately provided from the main conversion device,
the main conversion device and the auxiliary power-supply device can operate independently. Hence, when regenerative
power to the overhead line is restricted, the operation of the first power converter is terminated, and thus the regenerative
power flowing to the overhead line is shut down. Hence, the adverse effects of harmonic components to the transforming
station can be avoided. Even if the first power converter is deactivated, the auxiliary power-supply device can receive
power supply from the overhead line through the main transformer, and thus the auxiliary power-supply device can
continuously supply power to the auxiliary devices.

Citation List
Patent Literature
[0010]
Patent Literature 1: International Publication No. WO 2010/109607
Summary of Invention
Technical Problem

[0011] However, according to the auxiliary power-supply device that is provided integrally with the main conversion
device, however, although the total size of the main conversion device and the auxiliary power-supply device can be
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made compact, the auxiliary power-supply device sometimes operates depending on the operation of the main conversion
device.

[0012] When, for example, the regenerative power flowing to the overhead line is restricted, if the first power converter
is deactivated, like the case of the auxiliary power-supply device that is provided separately from the main conversion
device, the regenerative power flowing to the overhead line can be cut. Hence, the adverse effects of harmonic component
to the transforming station can be avoided. However, while the first power converter is deactivated, the regenerative
power generated by the electric motor can be supplied to the auxiliary power-supply device, but the power from the
overhead line cannot be supplied thereto. Accordingly, when necessary power to operate the auxiliary device exceeds
the regenerative power, the auxiliary power-supply device becomes unable to receive sufficient power. Consequently,
the auxiliary power-supply device may be shutdown, and power supply to the auxiliary devices may be terminated.
[0013] The present disclosure has been made in view of the aforementioned circumstances, and it is an objective of
the present disclosure to provide a main conversion device for electric motor cars that can restrict regenerative power
flowing to an overhead line without shutting down an auxiliary power-supply device.

Solution to Problem

[0014] To accomplish the above objective, a main conversion device for an electric motor car according to the present
disclosure includes afirst power converter, a second power converter, an auxiliary power-supply device, and an operation
controller.

[0015] The first power converter is connected with a circuit with an overhead line through which an AC current flows,
and an intermediate link that is a circuit through which a DC current flows, and the first power converter mutually converts
AC power and DC power. The second power converter is connected with the intermediate link, and a circuit with an
electric motor through which the AC current flows, and the second power converter mutually converts the DC power
and the AC power. The auxiliary power-supply device receives power from the intermediate link, and supplies the power
to a load. The operation controller controls an operation/deactivation of the first power converter based on a value
indicating an acceleration condition of the vehicle, a value in accordance with a vehicle speed, auxiliary source power
that is necessary power for the auxiliary power-supply device to supply the power to the load, and a restriction value for
regenerative power flowing to the overhead line in such a way that the power to be supplied to the auxiliary power-supply
device becomes equal to or larger than the auxiliary source power, and the regenerative power flowing to the overhead
line becomes equal to or smaller than the restriction value.

Advantageous Effects of Invention

[0016] According to the present disclosure, it becomes possible to restrict regenerative power flowing to an overhead
line without shutting down an auxiliary power-supply device.

Brief Description of Drawings
[0017]

FIG. 1 is a diagram illustrating a structure of a main conversion device according to Embodiment 1 of the present
disclosure;

FIG. 2 is a diagram illustrating a structure of an operation controller according to Embodiment 1;

FIG. 3 is a diagram illustrating a relationship between an operation control signal output by the operation controller
and power P obtained by subtracting auxiliary source power PA from regenerative power PB according to Embod-
iment 1;

FIG. 4 is a diagram illustrating a structure of an operation controller according to Modified Example 1;

FIG. 5 is a diagram illustrating a structure of an operation controller according to Modified Example 2;

FIG. 6 is a diagram illustrating a structure of a main conversion device according to Embodiment 2 of the present
disclosure;

FIG. 7 is a diagram illustrating a structure of an operation controller according to Embodiment 2;

FIG. 8 is a diagram illustrating a structure of a main conversion device according to Embodiment 3 of the present
disclosure;

FIG. 9 is a flowchart illustrating a flow of an operation control process according to Embodiment 3; and

FIG. 10 is a diagram illustrating a relationship among regeneration release instruction COR, an intermediate link
voltage EFC, an input current IS of a first power converter, and an operation control signal GC according to Em-
bodiment 3.
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Description of Embodiments

[0018] Embodiments of the present disclosure are explained below with reference to the accompanying figures. The
same element throughout all figures are denoted by the same reference sign.

Embodiment 1

[0019] A main conversion device (vehicular main conversion device) 100 according to Embodiment 1 of the present
disclosure is a device that constructs an electric system in an electric motor car together with, as illustrated in FIG. 1, a
pantograph 101, a main transformer 102, an induction motor (IM) 103, a load 104, and the like.

[0020] The pantograph 101 exchanges power with an overhead line 105 that are to supply AC power to the electric
motor car. The main transformer 102 is electrically connected with the pantograph 101 and the main conversion device
100, and converts bidirectionally an input voltage to a predetermined voltage, and outputs this voltage. The induction
motor 103 is an electric motor that exchanges power with the main conversion device 100, converts, at the time of power
running, power supplied from the main conversion device 100 to motion energy, and outputs this energy. At the time of
braking, the induction motor converts the motion energy to regenerative power, and outputs this regenerative power to
the main conversion device 100. The load 104 is auxiliary devices that operate upon reception of power supply from the
main conversion device 100, and includes, for example, an air conditioner for the interior of the vehicle, and a lighting
device. Note that multiple loads 104 may be provided.

[0021] The main conversion device 100 is a device which converts input power in accordance with an input signal or
instruction, and which outputs the converted power. As illustrated in the figure, the main conversion device includes a
first power converter 111, a second power converter 112, an auxiliary power-supply device (APS) 113, a voltage detector
(DCPT) 114, afilter capacitor 115, an APS power calculator 116, a speed detector 117, a torque pattern calculator 118,
a regenerative power calculator 119, and an operation controller 120.

[0022] The first power converter 111 is provided between the main transformer 102 and an intermediate link 121. This
intermediate link 121 is a circuit that forms a circuit through which a DC current flows between the first power converter
111 and the second power converter 112, and includes, for example, lead wires.

[0023] Thefirst power converter 111 switches the operation/deactivation in accordance with an operation control signal
GC from the operation controller 120 to be discussed later in detail. At the time of operation, the first power converter
111 mutually converts AC power and DC power, and outputs the converted power.

[0024] More specifically, at the time of operation, when AC power is input from the main transformer 102 to the first
power converter 111, the first power converter 111 converts this input power to DC power, and outputs this DC power
to the intermediate link 121. At the time of operation, when DC power is input from the intermediate link 121 to the first
power converter 111, the first power converter 111 converts this input power to AC power, and outputs this AC power
to the main transformer 102.

[0025] The second power converter 112 that is provided between the intermediate link 121 and the induction motor
103, mutually converts DC power and AC power, and outputs the converted power.

[0026] More specifically, when DC power is input from the intermediate link 121 to the second power converter 112,
the second power converter 112 converts this input power to predetermined AC power (for example, three-phase AC
power) under the control of an unillustrated controller, and outputs this AC power to the induction motor 103. When
regenerative power (AC power) is input from the induction motor 103 to the second power converter 112, the second
power converter 112 converts this input power to DC power, and outputs this DC power to the intermediate link 121.
[0027] The auxiliary power-supply device 113 is electrically connected with the intermediate link 121, receives DC
power from the intermediate link 121, and supplies the power to the load 104. While receiving, from the intermediate
link 121, auxiliary source power PA that is necessary power to supply power to the load, the auxiliary power-supply
device 113 keeps operating, thereby enabling continuous power supply to the load 104. When a state in which the power
being received from the intermediate link 121 is smaller than the auxiliary source power PA continues for some extent
of time, the auxiliary power-supply device 113 becomes unable to supply sufficient power to the load 104, and then shuts
down. Consequently, there is a possibility that the load 104 is also deactivated.

[0028] The voltage detector 114 is a device which detects an intermediate link voltage EFC that is a voltage at the
intermediate link 121, and which outputs an EFC signal containing information on the detected intermediate link voltage.
[0029] The filter capacitor 115 is a capacitor to stabilize the intermediate link voltage EFC, and is connected with the
intermediate link 121.

[0030] The APS power calculator 116 calculates the auxiliary source power PA, and outputs a PA signal containing
the calculated auxiliary source power PA.

[0031] For example, the APS calculator 116 calculates the auxiliary source power PA that is power supplied to the
auxiliary power-supply device 113. More specifically, the APS power calculator 116 obtains the EFC signal from the
voltage detector 114. The APS power calculator 116 obtains an APS current signal that contains information on an APS
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current IA with the value of the current flowing in the auxiliary power-supply device 113. The APS power calculator 116
calculates a product of the intermediate link voltage EFC and the APS current IA. Accordingly, the power supplied to
the auxiliary power-supply device 113 can be calculated.

[0032] The speed detector 117 detects a vehicle speed V, and outputs a speed signal that contains information on
the detected vehicle speed V.

[0033] More specifically, the speed detector 117 obtains a signal containing information on revolutions FM of the
induction motor 103 per a unit of time. The speed detector 117 applies the revolutions FM contained in the signal to, for
example, arelational expression defined appropriately in accordance with a vehicle, thereby detecting the vehicle speed V.
[0034] The torque pattern calculator 118 calculates, upon reception of an external operation instruction TD, a torque
instruction value Tm based on the external operation instruction TD, and outputs a torque instruction containing the
calculated torque instruction value Tm.

[0035] The regenerative power calculator 119 calculates regenerative power PB to be generated by the induction
motor 103 based on a value indicating the acceleration condition of the vehicle and a value in accordance with the
vehicle speed. The regenerative power calculator 119 outputs a regenerative power signal containing the calculated
regenerative power PB.

[0036] For example, the torque instruction value Tm is applied as the value indicating the acceleration condition of
the vehicle, and the vehicle speed V is applied as the value in accordance with the vehicle speed. More specifically, the
regenerative power calculator 119 obtains the torque instruction from the torque pattern calculator 118. The regenerative
power calculator 119 obtains the speed signal from the speed detector 117. For example, the regenerative power
calculator 119 performs a calculation that is 3.6 x torque instruction value Tm x vehicle speed V, thereby calculating the
regenerative power PB to be generated by the induction motor 103.

[0037] The operation controller 120 controls the operation/deactivation of the first power converter 111 based on the
auxiliary source power PA, and the regenerative power PB that is calculated based on the torque instruction value Tm
and the vehicle speed V when regenerative power flowing to the overhead line 105 is restricted. The operation controller
120 controls the operation/deactivation of the first power converter 111 in such a way that power to be supplied to the
auxiliary power-supply device 113 becomes equal to or larger than the auxiliary source power PA, and the regenerative
power flowing to the overhead line 105 becomes equal to or smaller than a restriction value ps1.

[0038] In this case, the restriction value Ps1 is a value which is equal to or greater than zero and which is set by, for
example, a transforming station that supplies power to the overhead line 105 across the running territory. When the
restriction value Ps1 is zero, this means that the flow of regenerative power to the overhead line 105 is prohibited. For
example, the restriction value Ps1 may be set to the operation controller 120 as needed through an unillustrated input
device, and the operation controller 120 may store data representing the restriction value Ps1.

[0039] More specifically, as is illustrated in the circuit diagram of FIG. 2, the operation controller 120 includes a
subtractor 131 and a comparator 132.

[0040] As illustrated in the figure, the subtractor 131 obtains the PA signal from the APS power calculator 116, and
also obtains the regenerative power signal from the regenerative power calculator 119. The subtractor 131 subtracts
the auxiliary source power PA contained in the PA signal from the regenerative power PB contained in the regenerative
power signal, thereby calculating a difference P (= PB - PA) between the auxiliary source power PA and the regenerative
power PB.

[0041] The comparator 132 compares the difference P contained in an output signal by the subtractor 131 with the
restriction value Ps1 stored by the operation controller 120. The comparator 132 outputs an operation control signal GC
in accordance with the comparison result to the first power converter 111.

[0042] More specifically, when the difference P is larger than the restriction value Ps1, it corresponds to the case P >
Ps1 in FIG. 3. In this case, as illustrated in the figure, the comparator 132 generates an operation control signal GC
(OFF-operation control signal GC) to deactivate the first power converter 111, and outputs this signal to the first power
converter 111. Hence, the first power converter 111 deactivates. Consequently, the regenerative power generated by
the induction motor 103 is not supplied to the overhead line 105.

[0043] When the difference P is equal to or smaller than the restriction value Ps1, it corresponds to the case P < Ps1
in FIG. 3. In this case, as illustrated in the figure, the comparator 132 generates an operation control signal GC (ON-
operation control signal GC) to operate the first power converter 111, and outputs this signal to the first power converter
111. Hence, the first power converter 111 operates. Consequently, the regenerative power generated by the induction
motor 103 is supplied to the auxiliary power-supply device 113, and if there is surplus power, the surplus power is made
to flow to the overhead line 105.

[0044] The functions of the speed detector 117, the APS power calculator 116, the torque pattern calculator 118, the
regenerative power calculator 119, and the operation controller 120 may be realized by, for example, a processor, a
RAM (Random Access Memory), a ROM (Read Only Memory), and the like which cooperatively work together and which
execute a pre-installed computer program. In this case, respective numbers of the processors, the RAMs, and the ROMs
may be one or a multiple number.
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[0045] Up to this paragraph, the explanation is given of the structure of the main conversion device 100 of Embodiment
1. Next, an operation of the main conversion device 100 of Embodiment 1 is explained.

[0046] Atthe time of power running, AC power is taken by the main transformer 102 from the overhead line 105 through
the pantograph 101. The main transformer 102 converts a voltage, and outputs AC power with a converted voltage.
Since the first power converter 111 is operating in the power running, the first power converter converts the AC power
output by the main transformer 102 to DC power, and outputs this DC power to the intermediate link 121.

[0047] The auxiliary power-supply device 113 and the second power converter 112 receive the DC power output by
the first power converter 111 through the intermediate link 121. The auxiliary power-supply device 113 supplies the
received power to the load 104. The second power converter 112 converts the received DC power, and outputs the
converted power to the induction motor 103. At this time, power in accordance with the details of a power-running
instruction is output to the induction motor 103 from the second power converter 112. This enables the electric motor
car to, for example, accelerate and run at a constant speed.

[0048] At the time of braking, that is, while the induction motor 103 is generating regenerative power, the induction
motor 103 serves as a power generator, and generates AC power (regenerative power). The second power converter
112receives the regenerative power generated by the induction motor 103, converts this power to DC power, and outputs
this DC power to the intermediate link 121. The auxiliary power-supply device 113 receives the DC power output by the
second power converter 112 through the intermediate link 121, and supplies the received power to the load 104.
[0049] When the regenerative power PB generated by the induction motor 103 is equal to or smaller than the auxiliary
source power PA, the difference P becomes equal to or smaller than zero, that is, becomes equal to or smaller than the
restriction value Ps1. Hence, the operation controller 120 outputs the ON-operation control signal GC, thereby causing
the first power converter 111 to operate. Accordingly, the first power converter 111 operates like the case of the power
running explained above. Consequently, power from the overhead line 105 is supplied to the auxiliary power-supply
device 113 through the main transformer 102 and the first power converter 111, and thus the power supplied to the
auxiliary power-supply device 113 becomes equal to or larger than the auxiliary source power PA.

[0050] When the regenerative power PB generated by the induction motor 103 is larger than the auxiliary source power
PA, and the difference P is equal to or smaller than the restriction value Ps1, the operation controller 120 outputs the
ON-operation control signal GC, thereby causing the first power converter 111 to operate. Accordingly, the first power
converter 111 receives, from the intermediate link 121, power corresponding to the difference P, converts this power to
AC power, and outputs the converted power. The main transformer 102 receives the AC power output by the first power
converter 111, converts the voltage, and outputs the AC power. The power output by the main transformer 102 is made
to flow to the overhead line 105 through the pantograph 101.

[0051] When the regenerative power PB generated by the induction motor 103 is larger than the auxiliary source power
PA and the difference P is larger than the restriction value Ps1, the operation controller 120 outputs the OFF-operation
control signal GC. Accordingly, the first power converter 111 is deactivated. Consequently, no regenerative power flows
to the overhead line 105.

[0052] According to such a main conversion device 100, power equal to or larger than the auxiliary source power PA
is supplied to the auxiliary power-supply device 113. Hence, it becomes possible to prevent the auxiliary power-supply
device 113 from terminating the operation thereof. Also, it becomes possible to restrict regenerative power flowing to
the overhead line 105 to be equal to or smaller than the restriction value Ps1. Still further, since the regenerative power
generated by the induction motor 103 is supplied to the auxiliary power-supply device 113, power consumption by the
electric motor car can be reduced.

[0053] Up to this paragraph, Embodiment 1 of the present disclosure is explained, but the following modifications may
be made to Embodiment 1.

[0054] For example, according to Embodiment 1, the value indicating the acceleration condition of the vehicle is the
torque instruction value Tm, but the value indicating the acceleration condition of the vehicle may be a gradual value or
a successive value contained in, for example, a notch instruction, or may be braking force BE [kN] contained in a brake
signal. When the brake signal is employed, the regenerative power PB to be generated by the induction motor 103 can
be calculated by, for example, a calculation that is braking force BE [kN] X vehicle speed V [km/h] / 3.6.

[0055] For example, according to Embodiment 1, the value in accordance with the vehicle speed is the vehicle speed
V. However, the value in accordance with the vehicle speed may be, for example, the rotation speed FM of the induction
motor 103.

[0056] For example, according to Embodiment 1, the regenerative power PB to be generated by the induction motor
103 is calculated by the regenerative power calculator 119 based on the torque instruction value Tm and the vehicle
speed V, but may be calculated by the regenerative power calculator 119 based on the voltage (motor voltage) and
current (motor current) of the induction motor 103. In this case, the regenerative power PB to be generated by the
induction motor 103 is calculated as, for example, 3" (1/2) X motor voltage [V] X motor current [A] X power factor X
efficiency / 1000, where "A" in the formula indicates exponential.
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Modified Example 1

[0057] An operation controller 220 according to Modified Example 1 includes, as illustrated in FIG. 4, a comparator
232 instead of the comparator 132 of Embodiment 1. In addition, the operation controller 220 stores, in addition to the
restriction value Ps1 of Embodiment 1, data representing a threshold Ps2.

[0058] This threshold Ps2 may be a smaller value than Ps1 as needed. The threshold Ps2 is set like the Ps1 explained
above, and the operation controller 220 may store data representing the threshold Ps2.

[0059] The comparator 232 compares the difference P contained in the output signal by the subtractor 131 with the
restriction value Ps1 or the threshold Ps2, and outputs the operation control signal GC in accordance with the comparison
result to the first power converter 111. Which one of the restriction value Ps1 and the threshold Ps2 is to be compared
with the difference P is determined in accordance with the details of the control output signal GC that is being output.
[0060] More specifically, when the ON-operation control signal GC is being output, and when the difference P is equal
to or smaller than the restriction value Ps1, the comparator 232 keeps outputting the ON-operation control signal GC.
In this case, when the difference P becomes larger than the restriction value Ps1, the comparator 232 switches the ON-
operation control signal GC to the OFF-operation control signal GC, and outputs this signal.

[0061] Whenthe OFF-operation control signal GC is being output, and when the difference P is larger than the threshold
Ps2, the comparator 232 keeps outputting the OFF-operation control signal GC. In this case, when the difference P
becomes equal to or smaller than the threshold Ps2, the comparator 232 switches the OFF-operation control signal GC
to the ON-operation control signal GC, and outputs this signal.

[0062] According to this Modified Example 1, the same advantageous effects as those of Embodiment 1 can be
accomplished.

[0063] In addition, according to Embodiment 1, when the difference P frequently changes across the restriction value
Ps1, the first power converter 111 needs to frequently repeat operation and deactivation. According to this Modified
Example, the operation controller 220 switches the ON-operation control signal GC and the OFF-operation control signal
GC with reference to different values (restriction value Ps1 and threshold Ps2) in accordance with how the difference P
changes. Hence, when the difference P frequently changes across the restriction value Ps1, the first power converter
111 can be prevented from frequently repeating operation and deactivation.

Modified Example 2

[0064] According to Embodiment 1, the operation controller 120 compares the difference P with the restriction value
Ps1, and controls the first power converter 111 based on the comparison result. An operation controller 320 of Modified
Example 2 includes, as illustrated in FIG. 5, a comparator 332 which compares the regenerative power PB with the
auxiliary source power PA, and which controls the first power converter 111 based on the comparison result.

[0065] More specifically, the comparator 332 outputs the OFF-operation control signal GC to the first power converter
111 when the regenerative power PB is larger than the auxiliary source power PA, thereby deactivating the first power
converter 111. When the reactive power PB is equal to or smaller than the auxiliary source power PA, the comparator
332 outputs the ON-operation control signal GC to the first power converter 111, thereby deactivating the first power
converter 111.

[0066] According to this Modified Example, when the restriction value Ps1 is zero, the same advantageous effects as
those of Embodiment 1 can be accomplished. In addition, the structure of the operation controller 320 can be simplified
in comparison with that of the operation controller 120 of Embodiment 1.

Embodiment 2

[0067] As illustrated in FIG. 6, a main conversion device 400 according to Embodiment 2 of the present disclosure
employs the same structure as that of the main conversion device 100 of Embodiment 1 except that the APS power
calculator 116 and the regenerative power calculator 119 are omitted, and an operation controller 420 is employed
instead of the operation controller 120.

[0068] The operation controller 420 controls, like the operation controller 120 of Embodiment 1, the operation/deac-
tivation of the first power converter 111 based on the torque instruction value Tm, the vehicle speed V, the auxiliary
source power PA, and the power restriction value Ps1 flowing to the overhead line 105. In addition, the operation controller
420 controls, like the operation controller 120 of Embodiment 1, the operation/deactivation of the first power converter
111 in such a way that power to be supplied to the auxiliary power-supply device 113 becomes equal to or larger than
the auxiliary source power PA, and power flowing to the overhead line 105 becomes equal to or smaller than the restriction
value ps1.

[0069] The operation controller 420 controls the operation/deactivation of the first power converter 111 based on
operation control data that contains an operation control rule which defines whether the first power converter 111 is
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operated or is deactivated in association with a combination of the torque instruction value Tm and the vehicle speed V.
[0070] More specifically, as illustrated in FIG. 7, the operation controller 420 stores beforehand operation control data
441 that contains the operation control rule.

[0071] The operation control rule associates either the operation of the first power converter 111 or the deactivation
thereof with the combination of the torque instruction value Tm and the vehicle speed V.

[0072] For example, according to the operation control rule illustrated in the figure, an ON area and an OFF area are
prescribed by the torque instruction value Tm and the vehicle speed V. The boundary between the ON area and the
OFF areais setin accordance with the preset auxiliary source power PA (for example, a constant value) and the restriction
value ps1.

[0073] The operation controller 420 obtains the torque instruction from the torque pattern calculator 118, and obtains
the speed signal from the speed detector 117, and, refers to the torque instruction value Tm, the vehicle speed V, and
the operation control data 441. Hence, the operation controller 420 determines whether the combination of the torque
instruction value Tm and the vehicle speed V belongs to the ON area or to the OFF area.

[0074] The operation controller 420 outputs the ON-operation control signal GC to the first power converter 111 when
the combination of the torque instruction value Tm and the vehicle speed V contained in the obtained torque instruction
and speed signal, respectively, belongs to the ON area. Accordingly, the first power converter 111 operates.

[0075] The operation controller 420 outputs the OFF-operation control signal GC to the first power converter 111 when
the combination of the torque instruction value Tm and the vehicle speed V contained in the obtained torque instruction
and speed signal, respectively, belongs to the OFF area. Accordingly, the first power converter 111 deactivates.
[0076] The main conversion device 400 including such an operation controller 420 operates like the main conversion
device 100 of Embodiment 1 at the time of power running. This enables the electric motor car to, for example, accelerate
and run at a constant speed.

[0077] Inaddition,the second power converter 112 and the auxiliary power-supply device 113 operate like Embodiment
1 at the time of braking. At this time, the operation controller 420 applies, to the operation control rule defined based on
the auxiliary source power PA and the restriction value ps1, the present value of the torque instruction value Tm and
that of the vehicle speed V, thereby controlling the operation/deactivation of the first power converter 111.

[0078] The regenerative power PB to be generated by the induction motor 103 can be defined by the combination of
the torque instruction value Tm and the vehicle speed V. In addition, according to the operation control rule, the boundary
between the ON area and the OFF area is defined based on the auxiliary source power PA and the restriction value ps1.
[0079] Hence, according to this Embodiment, by applying the present value of the torque instruction value Tm and
that of the vehicle speed V to the operation control rule, the operation/deactivation of the first power converter 111 can
be controlled, and thus the same advantageous effects as those of Embodiment 1 can be accomplished.

[0080] That is, it becomes possible to prevent the auxiliary power-supply device 113 from terminating the operation
thereof Also, it becomes possible to restrict the regenerative power flowing to the overhead line 105 to be equal to or
smaller than the restriction value Ps1. Sill further, since the regenerative power generated by the induction motor 103
is supplied to the auxiliary power-supply device 113, power consumption by the electric motor car can be reduced.

Embodiment 3

[0081] As illustrated in FIG. 8, a main conversion device 500 according to Embodiment 3 of the present disclosure
includes, like the main conversion device 100 of Embodiment 1, the first power converter 111, the second power converter
112, the auxiliary power-supply device 113, the voltage detector 114, and the filter capacitor 115. The main conversion
device 500 further includes a current detector 551, and an operation controller 520 instead of the operation controller
120 of the main conversion device 100 of Embodiment 1.

[0082] The current detector 551 is a device which detects a current input to the first power converter 111, and which
outputs an input current signal that contains information on an input current IS that has a detected current value. The
current detector 551 of this embodiment detects the magnitude of the current and the direction thereof by indicating the
current flowing in a direction toward the first power converter 111 from the pantograph 101 with a positive value, and
conversely, indicating the current flowing in the opposite direction with a negative value.

[0083] It is sufficient if the direction of the current and the magnitude thereof input to the first power converter 111 are
detectable, and the scheme is not limited to the above-explained scheme. For example, the positive/negative notation
may be prescribed inversely.

[0084] The operation controller 520 controls the operation/deactivation of the first power converter 111 based on a
regeneration release instruction COR output by an operation station 552, the intermediate link voltage EFC, and the
input current IS.

[0085] Inthis case,the regenerationrelease instruction COR is aninstruction indicating whether the flow of regenerative
power to the overhead line 105 is permitted or is restricted. When indicating that the flow of the regenerative power to
the overhead line 105 is restricted, the regeneration release instruction COR may contain the restriction value Ps1.
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[0086] More specifically, the operation controller 520 outputs the OFF-operation control signal GC when obtaining the
regeneration release instruction COR indicating that the flow of the regenerative power to the overhead line 105 is
restricted. Accordingly, the first power converter 111 is deactivated.

[0087] When the intermediate link voltage EFC is equal to or smaller than a setting value Ec (first setting value), since
the regenerative power PB generated by the induction motor 103 is equal to or smaller than the auxiliary source power
PA, the operation controller 520 outputs the ON-operation control signal GC. This enables the first power converter 111
to operate.

[0088] In this case, the setting value Ec is set in advance as the lower limit of the intermediate link voltage EFC that
gradually decreases when power supplied to the auxiliary power-supply device 113 is equal to or smaller than the
auxiliary source power PA. The setting value Ec is, for example, set to the operation controller 520 through an unillustrated
input device as needed, and the operation controller 520 may store data representing the setting value Ec.

[0089] When the input current IS contained in the input current signal obtained from the current detector 551 is equal
to or smaller than a setting value Ic (second setting value), the operation controller 520 outputs the OFF-operation control
signal GC. Accordingly, the first power converter 111 deactivates.

[0090] In this case, since the voltage output by the first power converter 111 to the main transformer 102 is substantially
constant, the regenerative power flowing to the overhead line 105 can be estimated based on the input current IS. Hence,
the input current IS when the regenerative power flowing to the overhead line 105 becomes the restriction value Ps1 is
applied as the setting value Ic. Thus, according to this Embodiment, this setting value becomes a negative value.
[0091] The setting value Ic is set to, for example, the operation controller 520 through an unillustrated input device as
needed, and the operation controller 520 may store data representing the setting value Ic. The setting value Ic may be
set by the operation controller 520 that calculates the setting value Ic in accordance with the restriction value Ps1 input
through an unillustrated input device.

[0092] Up to this paragraph, the structure of the main conversion device 500 of this Embodiment is explained. Next,
an explanation is given of an operation of the main conversion device 500 with reference to the figure.

[0093] At the time of power running, the main conversion device 500 operates like the main conversion device 100 of
Embodiment 1. This enables the electric motor car to, for example, accelerate and run at a constant speed.

[0094] Atthe time of braking, the main conversion device 500 executes an operation control processillustrated in FIG. 9.
[0095] The operation controller 520 obtains (step S101), from the operation station 552, the regeneration release
instruction COR indicating the restriction of the flow of the regenerative power to the overhead line 105.

[0096] This corresponds to atime T1 in FIG. 10 that illustrates a relationship among the restriction release instruction
COR, the intermediate link voltage EFC, the input current IS of the first power converter, and the operation control signal
GC.

[0097] In this figure, an example case is shown in which, up to the time T1, the flow of the regenerative power to the
overhead line 105 is permitted. Hence, in this figure, the intermediate link voltage EFC is substantially constant up to
the time T1. The operation controller 520 is outputting the ON-operation control signal GC. Hence, the first power
converter 111 is operating. Accordingly, when the input current IS up to the time T1 is a positive value, the regenerative
power PB generated by the induction motor 103 is smaller than the auxiliary source power PA, and thus power to be
supplied to the auxiliary power-supply device 113 is taken from the overhead line 105.

[0098] Returning to FIG. 9, the operation controller 520 outputs the OFF-operation control signal GC in accordance
with the regeneration release instruction COR obtained in the step S101. Hence, the operation controller 520 deactivates
(step S102) the first power converter 111.

[0099] The operation controller 520 determines (step S103) whether or not the intermediate link voltage EFC is equal
to or smaller than the setting value Ec by obtaining the EFC signal from the voltage detector 114.

[0100] When the intermediate link voltage EFC is not equal to or smaller than the setting value Ec (step S103: No),
the operation controller 520 outputs the OFF-operation control signal GC, and keeps deactivating (step S102) the first
power converter 111.

[0101] With reference to times T1 to T2 in FIG. 10, as explained above, the intermediate link voltage EFC gradually
decreases since no power is taken from the overhead line 105 with the regenerative power PB being smaller than the
auxiliary source power PA. In this case, the reason why the intermediate link voltage EFC does not sharply decrease is
that power is supplied to the auxiliary power-supply device 113 by, for example, the filter capacitor 115. Since the first
power converter 111 is deactivated, the input current IS is zero.

[0102] Returning to FIG. 9, when the intermediate link voltage EFC is equal to or smaller than the setting value Ec
(step S103: Yes), there is a possibility that the auxiliary power-supply device 113 is shutdown due to the shortage of
power when the intermediate link voltage EFC becomes smaller than the setting value Ec. Hence, the operation controller
520 outputs the ON-operation control signal GC to operate (step S104) the first power converter 111.

[0103] The operation controller 520 determines (step S105) whether or not the input current IS is larger than the setting
value Ic by obtaining the input current signal from the current detector 551. When the input current IS is larger than the
setting value Ic (step S105: Yes), the operation controller 520 outputs the ON-operation control signal GC to keep
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operating the first power converter 111 (step S104).

[0104] With reference totimes T2 to T3 in FIG. 10, power to the auxiliary power-supply device 113, which is insufficient
with only the regenerative power generated by the induction motor 103, is taken from the overhead line 105, and thus
the input current IS gradually increases and the intermediate link voltage EFC recovers to a constant magnitude. Sub-
sequently, the regenerative power PB generated by the induction motor 103 gradually increases, and the input current
IS consequently becomes a negative value, and decreases to the setting value Ic. This means that the regenerative
power flowing to the overhead line 105 reaches the restriction value Ps1.

[0105] Returning to FIG. 9, when the input current IS is equal to or smaller than the setting value Ic (step S105: No),
the operation controller 520 outputs the OFF-operation control signal GC to deactivate (step S102) the first power
converter 111.

[0106] With reference to times after T3 in FIG. 10, the input current IS becomes zero as the first power converter 111
deactivates, and no regenerative power flows to the overhead line 105. Since the regenerative power PB is larger than
the auxiliary source power PA, the intermediate link voltage EFC maintains the constant magnitude.

[0107] As explained above, according to this Embodiment, the same advantageous effects as those of Embodiment
1 can be accomplished.

[0108] That is, since power that is equal to or larger than the auxiliary source power PA is supplied to the auxiliary
power-supply device 113, it becomes possible to prevent the auxiliary power-supply device 113 from terminating the
operation thereof. Also, it becomes possible to restrict regenerative power flowing to the overhead line 105 to be equal
to or smaller than the restriction value Ps1. Still further, since the regenerative power generated by the induction motor
103 is supplied to the auxiliary power-supply device 113, power consumption by the electric motor car can be reduced.
[0109] Up to this paragraph, the explanation is given of Embodiment 3 of the present disclosure, but the following
modifications may be made to Embodiment 3.

Modified Example 3

[0110] When, for example, the restriction value Ps1 is zero, the current detector 551 may detect only the direction of
the current, and based on the detected direction of the current, the operation controller 520 may control the operation/de-
activation of the first power converter 111.

[0111] According to this Modified Example, it becomes possible to prevent the auxiliary power-supply device 113 from
terminating the operation thereof with a simpler structure than that of Embodiment 3. Also, it becomes possible to restrict
regenerative power flowing to the overhead line 105 to be equal to or smaller than the restriction value Ps1 (= 0), that
is, it becomes possible to prevent the regenerative power from flowing to the overhead line 105. Still further, since the
regenerative power generated by the induction motor 103 is supplied to the auxiliary power-supply device 113, power
consumption by the electric motor car can be reduced.

[0112] Embodiments of the present disclosure were explained above, but the present disclosure is not limited to each
of the aforementioned Embodiments. The respective Embodiments and Modified Examples thereof may be combined
as needed, and a modification can be made thereto as needed.

Industrial Applicability

[0113] The present disclosure is suitably applicable to a main conversion device loaded on an electric motor car, such
as an electric railcar or an electric locomotive.

Reference Signs List

[0114]

100, 400, 500 Main conversion device
101 Pantograph

102 Main transformer

103 Induction motor

104 Load

105 Overhead line

111 First power converter
112 Second power converter
113 Auxiliary power-supply device
114 Voltage detector

115 Filter capacitor
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APS power calculator

Speed detector

Torque pattern calculator
Regenerative power calculator

120, 220, 320, 420, 520  Operation controller

121 Intermediate link

131 Subtractor

132,232, 332 Comparator

441 Operation control data
551 Current detector

552 Operation station
Claims

1. A main conversion device for an electric motor car, the main conversion device comprising:

a first power converter that is connected with a circuit with an overhead line through which an AC current flows,
and an intermediate link that is a circuit through which a DC current flows, the first power converter mutually
converting AC power and DC power;

asecond power converter thatis connected with the intermediate link, and a circuit with an electric motor through
which the AC current flows, the second power converter mutually converting the DC power and the AC power;
an aucxiliary power-supply device which receives power from the intermediate link, and which supplies the power
to a load; and

an operation controller that controls an operation/deactivation of the first power converter based on a value
indicating an acceleration condition of the vehicle, a value in accordance with a vehicle speed, auxiliary source
power that is necessary power for the auxiliary power-supply device to supply the power to the load, and a
restriction value for regenerative power flowing to the overhead line in such a way that the power to be supplied
to the auxiliary power-supply device becomes equal to or larger than the auxiliary source power, and the re-
generative power flowing to the overhead line becomes equal to or smaller than the restriction value.

2. The electric motor car main conversion device according to Claim 1, further comprising:

a regenerative power calculator that calculates the regenerative power to be generated by the electric motor
based on the value indicating the acceleration condition of the vehicle and the value in accordance with the
vehicle speed; and

an auxiliary source power calculator that calculates the auxiliary source power based on a voltage at the inter-
mediate link and a current flowing in the auxiliary power-supply device,

wherein the operation controller controls the operation/deactivation of the first power converter based on the
regenerative power calculated by the regenerative power calculator and the auxiliary source power calculated
by the auxiliary source power calculator.

3. The electric motor car main conversion device according to Claim 2, wherein the operation controller comprises:

a subtractor that subtracts the auxiliary source power calculated by the auxiliary source power calculator from
the regenerative power calculated by the regenerative power calculator; and

a comparator which compares a value calculated by the subtractor with the restriction value, and which controls
the operation/deactivation of the first power converter based on the comparison result.

4. The electric motor car main conversion device according to Claim 3,
wherein the comparator deactivates the first power converter when the value calculated by the subtractor is larger
than the restriction value.

5. The electric motor car main conversion device according to Claim 3,
wherein the comparator allows the first power converter to operate when the value calculated by the subtractor is
equal to or smaller than the restriction value.

6. The electric motor car main conversion device according to Claim 2,
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wherein the operation controller comprises a comparator which compares the regenerative power calculated by the
regenerative power calculator with the auxiliary source power calculated by the auxiliary source power calculator,
and which controls the operation/deactivation of the first power converter based on the comparison result.

The electric motor car main conversion device according to Claim 1, wherein the operation controller:

stores beforehand operation control data that associates a combination of the value indicating the acceleration
condition of the vehicle and the value in accordance with the vehicle speed with either one of the operation and
deactivation of the first power converter when the auxiliary source power is a preset value; and

refers the value indicating the acceleration condition of the vehicle, the value in accordance with the vehicle
speed, and the operation control data to control the operation/deactivation of the first power converter.

The electric motor car main conversion device according to Claim 1, wherein the value indicating the acceleration
condition of the vehicle is contained in a torque instruction, a notch instruction, or a brake signal of the vehicle.

A main conversion device for an electric motor car, the main conversion device comprising:

a first power converter that is connected with a circuit with an overhead line through which an AC current flows,
and an intermediate link that is a circuit through which a DC current flows, the first power converter mutually
converting AC power and DC power;

asecond power converter thatis connected with the intermediate link, and a circuit with an electric motor through
which the AC current flows, the second power converter mutually converting the DC power and the AC power;
an aucxiliary power-supply device which receives power from the intermediate link, and which supplies the power
to a load; and

an operation controller which determines whether or not an intermediate link voltage that is a voltage at the
intermediate link is equal to or smaller than a first setting value, and whether or not a current flowing through
the first power converter toward the overhead line is larger than a second setting value, and which controls an
operation/deactivation of the first power converter based on the determination result.

The electric motor car main conversion device according to Claim 9, wherein the operation controller:

allows the first power converter to operate when the intermediate link voltage is equal to or smaller than the
first setting value; and

deactivates the first power converter when the current flowing through the first power converter from the inter-
mediate link toward the overhead line is equal to or larger than the second setting value.

The electric motor car main conversion device according to Claim 9,

wherein when obtaining an instruction indicating a restriction for a flow of regenerative power to the overhead line,
the operation controller deactivates the first power converter.

12
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The technical feature common to the invention of claim 1 and the
inventionof claims 9-11 is “anelectricvehiclemain conversion equipment
comprising: a first power conversion unit which is connected to a circuit
in which an alternating current flows between a string cable and thereof
and an intermediate link unit serving as a circuit in which a direct
current flows, and mutually converts an alternating-current power and
a direct current power; a second power conversion unit which is connected
tothe intermediate linkunit anda circuit inwhichanalternating current
flows between an electric motor and thereof, and mutually converts the
direct current power and the alternating-current power; and an auxiliary
power source device which receives power from the intermediate link unit
and supplies the power to a load”.

However, the above-said technical feature cannot be considered to
be a special technical feature, since the technical feature does not
make a contributionover thepriorartinthelight of the contentsdisclosed
in the document JP 2012-23903 A.

Further, there is no other same or corresponding special technical
feature between the invention of claim 1 and the inventions of claims
9-11.

Consequently, it is considered that the following two inventions
(invention groups) are involved in claims.

(Invention 1) the inventions of claims 1-8

(Invention 2) the inventions of claims 9-11
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